Oil of castor bean despite its wide range of use, still present a relevant deficit in the Brazilian market. This deficit could be softened or extinguished with increased productivity, in which the genetic aspect has a great contribution. The most productive genotypes are the hybrid varieties, however for obtaining the hybrids pure lineages are required which have appropriate agronomic characteristics and that express the minimum of inbreeding depression. Thus, the objective of this research was to evaluate the inbreeding depression of castor bean progenies, from the cultivar FCA-PB, resulting from three types of pollination. The experiments were implanted in design in randomized blocks, in the 30 × 3 factorial scheme, being 30 progenies and 3 types of pollination (free, cross and self-pollination), in 2 environments (São Manuel and Araçatuba) and in 2 crops (2004/2005 and 2005/2006), with three replications. Inbreeding depression was estimated under the grain productivity variable. It was observed that cross-pollination presented grain productivity close to 2500 kg ha -1 , in which the lowest coefficient of inbreeding was determined, zero (0). Opposed It self-pollination, in which resulted in lower productivity, around 2000 kg ha -1 , and the highest inbreeding coefficient being of 0.77. The reflection of the coefficient of inbreeding on productivity presents inversely proportional behavior, ie, the measure that increases the coefficient of inbreeding decreases the grain yield.
Introduction
Castor bean (Ricinus communis L.) is a crop with high socioeconomic value, thus being an important source of revenue for the country. The oil of this oleaginosa exhibits great relevance, due to the lack of adequate substitutes in many industrial applications (Chierice & Luz Neto, 2007; Vieira & Lima, 1999) . Among its constituents, ricinoleic acid stands out in terms of the proportion and presenting molecules with properties and different structures among the other existing fatty acids in vegetable oils (Moshkin, 1986) . These properties and differentiated structure confer peculiar characteristics to castor oil, allowing the use in more than 400 processes in the industrial and pharmaceutical área (Vieira & Lima, 1999) .
The self-pollinated progenies were obtained by protecting the inflorescences in anthesis, with waterproof paper bags to contain the pollen and create the atmosphere of pollen grains inside the bag, favoring the fertilization of female flowers and avoid contamination with different pollens (Savy Filho, 2009 ).
In the case of progenies obtained by cross-pollination, the hybridizations were preceded by emasculation of the racemus of the female parent, what received the pollen, and then protected with paper bags of suitable size. For pollination, the pollen grains were obtained from a pollen mixture of 100 random plants of the original population of female flowers, then the pollen grains were scattered and later the bunches bagged (Savy Filho, 2009 ).
In the free-pollination progenies, no specific measures were taken, only the collection of seeds.
The seeds of the progeny were stored in a cold chamber to decrease their respiration, to keep it or lose as little as possible of the germination power and vigor of the seeds.
Obtaining the Natural Crossing Rate
The natural crossing rate was estimated in São Manuel and Araçatuba with the use of a morphological marker in the characteristic presence of aculeus, being that the lots of castor bean for this estimate had to be installed of form isolated by a minimum radius of 200 m between them. Each batch consisted of a compound with a recessive plant (ss), which conditions the absence of aculeous, and 100 dominant homozygous plants (SS), in which this allelic type expresses the aculeous presence. Thus, the natural crossover rate was given by the quotient between the number of heterozygous plants (Ss) and the total number of plants by descente in recessive plants.
Location and Characterization of Experimental Areas
The experiments occurred in the 2004/2005 and 2005/2006 crop agricultural, during the months of October to May, simultaneously in São Manuel and Araçatuba. The climate of the city of São Manuel-SP, is of type Cfa, the average annual temperature is between 18 to 20 °C, with average annual rainfall between 1000 and 1300 mm and altitude between 600 and 800 meters. As far as Aracatuba is concerned, according to the Köppen-Geiger classification, is classified as Aw, presenting an average annual temperature of 22.2 °C, with annual average rainfall of 1206 mm and altitude around 401 meters (Alvares et al., 2014) .
Experimental Design and Treatments
The experiments were randomized block design, in the 30 × 3 factorial scheme, being 30 progenies and three types of pollination (open pollination, cross pollination and self pollination), with three replicates. It is noteworthy that castor bean progenies were obtained from the FCA-PB population (developed by the Program of Breeding of UNESP/FCA).
Installation and Conduction of Experiments
Soil preparation consisted of two plows and two gradations, the grooves being then opened and distributed the fertilizer with a seeder-fertilizer tratorized, adjusted according to the spacing of 1.0 m between rows.
The planting of the experiments occurred in October 2004 and 2005, so that three seeds were deposited manually every 0.5 m of furrows, with depths between 4 and 8 centimeters. Ten days after the emergency, thinning was carried out, leaving only one plant.
The experimental plot occurred in 3 rows of 7 m in length, using the spacing of 1.0 × 0.5 m, in which the useful area was the central row, discarding the first two plants of each end.
In the initial phase of culture, it used the irrigation sprinkler system, with varying blade according to evapotranspiration of the castor bean, aiming to standardize the emergency plants.
The control of weeds occurred in three weeding operations, manually, during the whole cycle of castor bean, have seen the long cycle of it.
Rated Characters
The crops were harvested in May 2005 and 2006, in which the Grain Productivity (PG) was evaluated in kg, the which it was made by weighing the seeds of the ten central plants of the plot, corrected to 13% moisture and, in followed estimated for hectare. This being the parameter used for the evaluation of inbreeding depression.
Coefficient of Endogamy and Inbreeding Depression
The coefficient of inbreeding (F) was calculated according to Equations 1, 2 and 3, reported by Oliveira et al. (2012) , which are expressed as follows:
Assuming that the base population is in equilibrium, in relation to the reproductive system.
where, FPA = coefficient of inbreeding in the progenies PA; FAU = coefficient of inbreeding in the progenies AU; FPC = coefficient of inbreeding in the progenies PC; S = natural self-pollination rate.
The self-pollination rate was obtained by subtracting the total pollination (100%) less the percentage of the cross-pollination rate, which was measured at the time and in the region where the progenies were obtained.
The estimate of inbreeding depression (DE), in percentage, in the self-pollinated progenies relative to the open pollinated progenies was given using Equation 4, reported by Oliveira et al. (2012) , being expressed as follows:
where, ӯPA = average value of open pollination progeny; ӯAU = average value of self-pollination progeny.
The estimate of the depression (DE), in percentages, in the self-pollinated progenies in relation to the cross progenies, in turn, occurred by means of equation 5, reported by Oliveira et al. (2012) , detailed as follows:
where, PC ӯ = average value of cross-pollinated progeny; AU ӯ = average value of the self-pollination progeny.
Statistical Analysis
To evaluate the behavior of the data in relation to different pollination methods was estimated the adjusted normal distribution of the data. The software used was Minitab 17 (Minitab, 2016) .
Results and Discussion
In species whose mode of reproduction occurs naturally by self-pollination (autogamous) inbreeding depression does not occur, opposing the cross-pollinated species. But, it is important to emphasize that in the species whose reproductive system had as mixed, in which its reproduction occurs as much by self-pollination as by cross-pollination, as is the case of castor bean, the effect of depression is linked to the rate of natural self-pollination, of mode that these species have effects on depression intermediates, It is located between the autogamous and the allogamous (Oliveira et al., 2012) .
Thereby aiming at the knowledge of the genetic structure of progênies were measured the rates of natural self-pollination, presenting to the municipalities of São Manuel and Araçatuba 74.58% and 67.33%, respectively. Therefore, the cross-pollination rates ranged from 25.42% for São Manuel to 32.67% for Araçatuba. The It is noticeable the occurrence of progenies whose values of depression due to endogamy were negative, in this situation the progenies of self-pollination produce more than the progenies of free pollination and cross-pollination, being these progenies indicated to obtain pure lines. On the other hand, the positive depression values indicate that open pollination and cross-pollination stand out about self-pollination, having these progenies great potential to obtain varieties and hybrids (Silva, 2018) .
The large variation in levels of depression due to inbreeding had also been reported by Lara-Fioreze et al. (2016) , in which evaluating the occurrence of depression due to endogamy in crambe progenies, which is also a kind of mixed reproduction mode, originated from self-pollination, in comparison with progenies of free pollination, observed variation in inbreeding depression from -219.0 to 96.2% for the grain yield character, should this variation is related to the allelic frequency of the population which gave origin to the evaluated progenies.
Based on the classification criteria of progenies the productivity equal to or greater than 2000 kg ha -1 , depending on the type of pollination, they can be listed in progenies to obtain varieties and hybrids (when in both open pollination how much in cross-pollination exceed the criterion adopted above), pure lines (when they exceed the criterion adopted above in self-pollination) and dual aptitude, being the latter serving both to obtain varieties and hybrids as well as for pure lines. So, considering the productive behavior and the depression due to inbreeding in the municipality of São Manuel in the 2004/2005 crop, progenies 1 , 7, 8, 10, 19, 24, 25, 27 and 28 can be selected to obtain varieties and hybrids, seen what had productivity above 2000 kg ha -1 for free and cross pollinations. The progenies selected to obtain pure linhags were progenies 2, 13, 16, 17, 20 and 29. In addition, progenies 3, 5, 6, 11, 15, 18, 21, 22 and 26 can be used to obtain variety and hybrids, as well as for pure lines.
It is observed in Table 2 , that the highest average inbreeding depression was obtained in the open pollinated progenies with 3.38%, however specifically the progenies, perceive a great variation in inbreeding depression, taking in the open-pollinated and cross-pollinated progenies variation from 49.18 to -123.20% and from 56.02 to -78.19%, respectively. (Table 3) . Taking into account the behavior of the progenies in Araçatuba in the 2005/2006 crop, is notorious ability of the progenies 1, 2, 3, 5, 6, 7, 8, 9, 13, 15 and 20 in obtaining varieties and hybrids, with also progenies 18, 22, 23, 25 and 27 for the production of pure lines. It is also possible to perceive occurrences of progenies with these two aptitudes, which were progenies 4, 10, 11, 12, 14, 16, 17, 19, 21 and 26. Observing the two crops in the municipality of Araçatuba, despite providing the highest mean values for grain yield, there were more changes in aptitudes of progenies from one crop to another when compared with the performances the same in the municipality of São Manuel. However, some progenies exhibited the same aptitude in the two crops, where progenies 5, 13 and 15 were classified to obtain varieties and hybrids, and progenies 11, 16 and 19 both for synthesis varieties and hybrids as well as for the production of pure lines. It is noteworthy that, no progeny maintained the classification only to obtain pure lines in the two crops.
It is important to stress that, in the four experiments conducted, in all of them cross-pollination provided the highest yields of grains, being able this phenomenon be explained by the theory of partial dominance, being depression due to inbreeding proportional to the degree of dominance (Allard, 1960; Falconer, 1987) .
Conclusion
The reflection of the coefficient of inbreeding in productivity shows an inversely proportional behavior, that is, as one increases the inbreeding coefficient decreases the grain yield.
There were differences in the frequency distribution of the data for the three types of pollination, however, the average grain yield is displayed in decreasing order for cross-pollination, open pollination and self-pollination, in this order.
The values of depression due to inbreeding exhibited a wide range of variation, however, in general terms, the depression based on open pollination presented the lowest values.
